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not correlated to breast cancer patients, nor
to members of high risk families.
Other evidence for the existence of a
human mammary tumour virus is the
presence of an RNA in human breast cancer
tissue that is homologous to MuMTV but not
to other oncogenic RNA viruses (Spiegelman,
Axel and Schlom, J. natn. Cancer Inst., 1972,
48, 1205). A large proportion of human
breast cancers were found to contain nucleic
acid that was homologous to MuMTV-RNA
(Axel, Gulati and Spiegelman, Proc. natn.
Acad.Sci. U.S.A., 1972, 69, 3133), and further,
specific homology has been found between the
DNA product transcribed from the 70S RNA
of human milk particles and polysomal RNA
of human tumours (Das et al., Nature, New
Biol., 1972, 239, 92).
THE POSSIBLE ROLE OF CHEMICAL
CARCINOGENS. P. N. MAGEE. Cour-
tauld Institute of Biochemistry, Middlesex
Hospital Medical School, London.
There is abundant evidence from clinical
and experimental work that hormonal factors
play a very important part in the causation,
growth and progression of breast tumours.
Genetic factors are certainly involved in some
animals and probably affect the incidence of
these tumours in human beings. Milk trans-
mitted viruses are known to be essential for
mammary tumour induction in certain
strains of mice and it has been proposed that
this may be the case in women. Ionizing
radiation can induce mammary cancer in
some rat strains and several types of chemical
carcinogen are also active. It has been
claimed, however, that exogenous chemical
carcinogens are not likely to be a factor in the
induction of human breast cancer.
Evidence for environmental chemical
factors in the causation of human cancer has
been derived from epidemiology and from
geographical pathology. Various occupa-
tional cancers are well recognized but there
seems to be no specific association between
any occupation and the incidence of female
breast cancer. Geographical differences do
occur with higher incidences of mammary
carcinoma in Western Europe and the United
States than in the East, notably Japan, and
in Africa. Although the incidence is some-
what higher in Japanese immigrants in
America, the increase is not striking and does
not give any clear lead to possible environ-
mental factors. A number ofother variables
have been associated with relative risk of
breast cancer. These include age, young less
than old; ethnic group, Gentiles less than
Jews; marital status, married less than single;
pregnancies, more less than fewer; breast
feeding, longer less than shorter; menarche,
later less than earlier; artificial menopause,
absent less than present; benign breast
disease, absent less than present; family
history of breast cancer, absent less than
present; socioeconomic status, lower less than
higher. Again there is no obvious indication
of important environmental factors. The
only possible clue from epidemiology seems
to be that a high fat diet may enhance the risk
of breast cancer.
Many hundreds of chemicals are known to
induce cancer in experimental animals but
the number for which there is good evidence
for cancer causation in man is relatively few.
These include asbestos, various metals,
aromatic amines, coal tar products and
mustard gas. Among chemicals known to
induce mammary tumours in experimental
animals are polycyclic aromatic hydro-
carbons, aromatic amines, nitrofurans and
some hydrazine derivatives. Among the
large number of carcinogenic nitroso com-
pounds only one, N-nitroso-n-butylurea has
been found to induce mammary tumours in
animals. The most effective method of
experimental mammary tumour induction is
that of Huggins which involves the admini-
stration of a single dose of DMBA to 50-day
old Sprague-Dawley rats. These tumours
are responsive to hormones and have been
used as models by many investigators.
Evidence has been presented that the DMBA
may activate viruses in the rat mammary
gland. It seems, therefore, that there is no
clear pointer to any exogenous chemical as an
important causative factor in human breast
cancer. Present knowledge of the possible
combined carcinogenic effects of a number of
environmental chemicals is small and the role
of any of such effects on breast cancer induc-
tion, perhaps by activation of oncogenic
viruses, is not clear. Much concern has been
expressed concerning the possible carcino-
genic hazard to women taking oral steroidal
contraceptives, particularly in relation to
breast cancer. Experimental tests of these
contraceptives in rats and mice revealed the
typical pathological changes known to occur
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and progestogen including the expected
incidence of breast and pituitary tumours.
Epidemiological studies currently in progress
have not revealed any relationship between
the use of oral chemical contraceptives and
the incidence of breast tumours in women.
It is concluded there is no evidence avail-
able at present to implicate any particular
exogenous chemical in the aetiology ofhuman
breast cancer. Careful monitoring should be
maintained in women using oral contra-
ceptives. Further investigation is required
of the possible combined effects of small
amounts of different chemical carcinogens.
A SURGEON'S VIEW OF ENVIRON-
MENTAL FACTORS IN HUMAN
MAMMARY CANCER. J. MAXWELL
ANDERSON. Royal Infirmary, Glasgow.
The importance of environmental agents
in mammary cancer lies in the valuable con-
tribution that clarification of the aetiology of
diseases in general can bring to the welfare of
humanity. Thefamilial occurrence ofhuman
mammary cancer presents undoubtedly valid
evidence for the weak operation of a heredi-
tary factor; nevertheless the possible incor-
poration of virus material into the genome
requires elucidation.
Causes of disease may be immediate or
contributory. No cause of mammary cancer
can be said to be immediate in that its unique
operation brings about the disease, but there
are a number of possible contributory causes
which bring the host and the target organ
under the influence of immediate causes,
whatever they may be.
Environmental contributory causes of
disease may be of a negative sort-nutri-
tional defect or metabolic abnormality-or of
a positive sort-living organisms or agents
arising outside or within the body. These
exogenous or endogenous agents dominate
the aetiology of most human cancers and a
heterogeneous assortment of factors-
chemical compounds, radiant energy, para-
sites, viruses, hormones and endogenous
metabolites-have been named. How this
diverse group of agents can be co-ordinated
within a single scheme of pathogenesis is the
most significant problem that confronts
cancer research today because it will lead to
prevention, efficient surveillance of those at
risk and earlier treatment of those escaping
preventive measures. Although the possible
effects of most of these agents have been
observed in human cancers, most of our
knowledge has been acquired through animal
studies. Of course, these fruitful investiga-
tions can only be applied to human pathology
with the greatest caution. By the use of
experiments emphasizing single variable
factors at one time we now recognize that a
multiplicity of agents can induce cancers in
animals, though many must operate at a
quite unnatural strength. What is needed
now to derive the maximum benefit from
these studies is a closer analysis of similar
situations under the controlled conditions of
large-scale collaborative studies. Unless
some important carcinogenic agents have
hitherto escaped recognition, the causes of
most mammary cancers must be sought
among endogenous chemical substances or
extrinsic factors operating directly through
the intermediation of endogenous carcino-
genic metabolites, hormones or viruses.
More precise information about the role of
oestrogen is required. Some polycyclic
hydrocarbons which induce mammary cancer
in mice have oestrogen-like effects and it is
well known that women who have not been
exposed to the high oestrogen levels of
pregnancy have a lower incidence of mam-
mary cancer than parous women. Also,
women who develop mammary cancer have
an abnormally long menstrual life with more
menstrual cycles than are found in matched
controls. Correlations of this aspect of
female physiology with the reported high
incidence of mammary cancer in males with
hyperoestrogenism might be sought, and it
seems unwise to prescribe oestrogens for
women known to belong to groups predis-
posedtothedevelopmentofmammary cancer.
Knowledge of the inter-relationships of
genetic susceptibility and hormonal stimula-
tion with a viral activity in mammary cancer
of mice requires to be applied to human
studies. The practical issues that might
emerge from the establishment of a virus as
an important cause of human mammary
cancer are (1) the development of specific
treatments by anti-viral chemotherapy,
stimulation of interferon production or
immunotherapy, (2) sub-clinical detection by
immunological or ultrastructural methods
and (3) prevention of infection by or trans-
mission of the virus.